The energy consumption behaviour in campus buildings are less well understood than other non-domestic buildings. Energy simulation analysis is a beneficial method in measuring building energy consumption as well as investigating different energy management strategies for the existing buildings. This research has been established through investigating the heating and cooling load reduction potential of green wall as an energy saving measure for three different activity buildings (i.e., research, dormitory and administration) at KAIST campus, using a simulation tool. The focus has been facilitated while exploring how different functional buildings act in response to vertical vegetation in terms of energy savings, considering operational pattern, occupancy schedule and physical characteristics as the deciding parameters. Maximum occupancy during night time in dormitory turned out to be advantageous for reduced heating energy consumption (60%) compared to the research (7%) and administrative (3%) building, which are mostly cooling and day-time dominated. This is because; the largest savings in heating due to vegetation were associated with extreme temperature condition, which is close to zero or sub-zero. Conversely, in summer, vegetation led to become less effective in saving cooling energy, especially for the research and administrative facility where cooling is crucial due to daytime dominated occupancy. Moreover, the cooling energy savings was found to be closely associated with the area covered by plants irrespective of opaque wall and fenestrations
Introduction
Campus buildings need to go through the process of energy modelling and simulation in order to identify the current energy consumption patterns. This is crucial since these energy profiles disclose the fact that whether the existing practices and policies relating to demand management of the campus buildings set by the facility managers are potential enough in optimizing energy efficiency. Moreover, research scope for creating new ideas and technologies for an efficient management of campus buildings get promoted. In this study, the energy saving potential of green wall has been investigated for different types of campus buildings using a simulation tool. Addition of vertical vegetation on building façade ameliorates the thermal performance for cooling through reducing the temperature, whereas the concept of applying vegetation around structures help for conserving energy for space heating through windbreaks [1] . Wind chill and infiltration of cold air along with the associated heat loss by conduction/convection through façade and fenestrations are the most significant contributing factors in the poor energy performance of buildings during heating season The main purpose of this research is to explore if vertical vegetation is effective in reducing cooling and heating consumption of three activity (dormitory, research and office) buildings at KAIST campus, Daejeon, South Korea, as a proposed energy saving measure. Considering energy saving strategies, different building types act differently in response to different variables in terms of heating and cooling energy savings as well as human comfort levels. Occupancy schedule, operational patterns and physical characteristics are the crucial factors that need to be considered while making policies or regulations for different campus buildings. The thermal performance of green wall has been explored through generating green wall models in Design Builder. Though there are different classifications of vertical vegetation systems, however this research used the concept of green wall where pre-vegetated sheets have been attached to the structural wall [6] . In an attempt to minimize the variations encountered in experimental studies, seasonal changes of LAI values have been incorporated in this study. South Korea, classified of having a temperate climate, possesses quiet notable temperature difference between the hottest period of summer (22 to 30 °C) and the coldest winter (5 to −2.5 °C). Hence this research findings are not limited to only summer or winter, rather targeted to investigate the kWh savings and the heat flux reduction of the wall due to green wall throughout the whole year, considering summer (June, July, August), fall (September, October, November), winter (December, January, February) and spring (March, April, May).
Nomenclature
KAIST Korea Advanced Institute of Science and Technology LAI Leaf Area Index
Modeling of the targeted buildings
Geometry for each considered building was created in Design Builder, where the required data was extracted from the designed drawings and technical specifications supplied by KAIST facility management team. The key façade parameters used in the building model were based on the ASHRAE 90.1 Appendix G Standards. Moreover, being representative of campus facilities, our studied buildings are operated under the strict schedule of KAIST facility management system for cooling and heating supply (Table 1) ; which included cooling and heating set-point temperatures for the dormitory as 24 and 22 respectively, whereas for the research and administrative building as 26 and 20 . Weather data for Daejeon has been customized using the basic weather file issued from THE KOREAN SOLAR ENERGY SOCIETY website
The considered residential facility is a fifteen storied dormitory building with an overall size of 16,664 square meter while accommodating 600 students, whereas the research facility is five storied with 3,328 square meter and possesses a large south facing glass façade (66% per floor area) which has direct impacts over the heating and cooling energy consumption of the building. And the office facility is the main administrative building of the KAIST campus having
